Ultra high vacuum molecular beam techniques coupled with LEED and Auger Electron Spectroscopy are particularly well suited to the study of surface chemical reactions because of the ability to assess the effect of the surface conditions on the reaction probability.
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Investigation of the hydrogen-deuterium exchange reaction on a series of low and high Miller Index platinum single crystals has indicated that the steps present on the high index surfaces are necessary for the dissociation and subsequent recombination of hydrogen. We have undertaken a systematic study of a series of small molecule reactions on these stepped surfaces to determine the reaction probability on stepped platinum surfaces. Reactions involving dissociation of H 2 , D 2 , O 2 , OH, NH, and CH bonds proceed on the stepped surfaces with much higher reaction probabilities than reactions requiring dissociation of N 2 , or CO bonds. All of the reactions studied resulted in cosine product angular distributions except for the formation of CO 2 , which exhibited a distribution more peaked at the normal to the surface.
INTRODUCTION
Small molecule decomposition, oxidation, and hydrogenation reactions are important prototype surface reactions. By studying the reaction mechanisms of simple small molecule reactions, and the effect of surface conditions on their catalysis, we can propose models for the initial steps of more complex and technologically more interesting heterogeneous catalytic systems. In order to uncover the mechanisms of these simple surface reactions, a variety of techniques must be used. Of primary importance is the ability to characterize, on an atomic scale, the surface on which the reaction proceeds. This can be done through the use of bulk single crystal surfaces prepared and studied in ultra high vacuum and characterized by Low Energy Electron Diffraction (LEED) and Auger Electron Spectroscopy (AES). The adsorption, reaction,desorption process itself can be studied by the use of molecular beam scattering from these well characterized surfaces. The modulated molecular beam technique l is particularly useful in studying reactions at surfaces. 2 3 Figure 1 shows a schematic diagram of an apparatus ' constructed to use these techniques for the study of surface chemical reactions and energy transfer in gas-solid interactions.
We have investi'gated several simple reactions of molecules on platinum stepped .surfaces, in order to gain information about the reaction probabilities on these surfaces. In each case, the reaction was studied by introducing one of the reactants to the background of the scattering chamber in order to produce a significant coverage of dissociated reactant on the surface. The other reactant in the pair .; , -3-was incident on the surface from the beam at a pressure about an order of magnitude lower than the pressure due to the background reactant.
The reactions studied and the dominant products formed are listed in Table 1 . for the formation of HD, with one branch dominant in the temperature range below 600 0 K and both branches operating in the range of temperature from 600° to l300 0 K. These branches can be identified with reactant molecules fed to the dissociating step site via the terrace at low temperatures and directly from the gas phase at higher temperatures.
A schematic diagram of this model is shown in Fig. 5 .
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OTHER SMALL MOLECULE REACTIONS
The behavior of the steps in promoting the dissociation of H2 on the platinum surface led to the study of the reaction probability of other small molecule reactions on these stepped surfaces. Could these steps promote the dissociation of any diatomic molecule or small molecule bond, or is there a limit to the dissociating strength of these steps? In order to answer this question a variety of small molecule reactions were studied as indicated in Table 1 . By monitoring the reaction probability for the formation of various products in these reactions under identical conditions of incident pressure and surface temperature,the dissociating power of the stepped surfaces for diatomic molecules with varying bond strengths can be determined. The bond strengths tested ranged from the N-H bond for monomethy1amine at 4.3 eV to the C = 0 bond of carbon monoxide at 11.1 eV. 7 The reaction probabilities for these reactions are listed in Table 1 distribution, the factor is 2.96. While the formation of CO 2 is readily detectable with oxygen in the background (i.e. between atomic oxygen on the surface and CO in the molecular beam) CO 2 will not form when CO is in the background and 02 is ,in the molecular beam. This may be explained either by the low sticking probability of CO at the reaction temperature of IOOOoK or by the blocking of the reaction.sites by carbon, the product of CO dissociation.
Further studies are necessary to uncover the mechanism of this surface reaction in more detail. 
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